The healthy action of probiotics is not only due to their nutritional properties and their influence on the gastrointestinal environment, but also to their action on the immune system. The aim of the present study was to determine if 6 weeks of probiotic intake would be able to modulate the immune system in women who had recently delivered and were breast-feeding. The design consisted of a randomised, controlled and double-blind nutritional intervention study with parallel groups with a sample size of 104 women. The main variable is the T helper type 1/T helper type 2 (Th1/Th2) profile determined by measuring interferon-g (Th1) and IL-4 (Th2) values in peripheral blood by flow cytometry. The modifications of cytokines were evaluated in maternal milk by cytometric bead array in a flow cytometer and ELISA at three stages of breast-feeding: colostrum, early milk (10 d) and mature milk (45 d). Additionally, the anthropometry and infectious and allergic episodes in the newborn were followed up throughout the first 6 months of life. After the consumption of milk fermented with Lactobacillus casei during the puerperium, we observed a nonsignificant increase in T and B lymphocytes and a significant increase in natural killer cells. A decrease in the pro-inflammatory cytokine TNF-a in maternal milk and fewer gastrointestinal disturbances were also observed in the breast-fed child of the mothers who consumed L. casei. The intake of milk fermented with L. casei during the lactation period modestly contributes to the modulation of the mother's immunological response after delivery and decreases the incidence of gastrointestinal episodes in the breast-fed child.
It is generally acknowledged that pregnancy is associated with a modification of the T helper type 1/T helper type 2 (Th1/Th2) balance toward a Th2 profile (1) . According to this interpretation, Th1 prevalence would be associated with an increase in spontaneous abortions (2) . The data on which this interpretation is based come from three types of studies: studies carried out in peripheral blood, studies carried out in placental or endometrial tissue and experimental studies in gestational mice (3 -7) .
Few data exist about the modifications of the immune response during the puerperium. In general, it has been observed that the Th1/Th2 balance (3, 8) improves during the lactation period. Moreover, a decrease in the B lymphocytes (positive CD19) has been observed during this period, having a specific connection with prolactin levels (9, 10) .
The dependence on adequate nutritional status is an important aspect of the immune response during the puerperium (11) .
Probiotics are considered functional foods because they exert different actions on organs and systems. In addition, their components have nutritional activity. The lactic acid bacteria are the most commonly used micro-organisms in probiotic products. The bacterial strains most used as probiotics are Lactobacillus and Bifidobacterium. There is ample literature on the healthy action of lactic acid bacteria and their fermentation products (12 -16) . These effects are not only due to their nutritional properties and their influence on the gastrointestinal environment, but also to their action on the immune system (17) . The biological effects of Lactobacillus casei on the intestinal membrane and flora are diverse (18) . However, its effect on the systemic immune response has scarcely been evaluated. Depending on the methodology, the administration of this bacterium or its biological products may not be implied in the modification of the systemic immune response (19) , or could alternatively stimulate the Th1.
Thus, the intrapleural administration of these bacteria induces the production of several cytokines such as interferon (IFN)-a, TNF-a and IL-1, diminishing the growth of tumours in an experimental model in mice (20) . In another experimental study, the interaction of L. casei with mouse splenocyte cells in vivo and in vitro stimulated the Th1 response (production of IL-12 and IFN-g) (21) . Moreover, it has been reported that the oral administration of L. casei stimulates the Th1 response, thus protecting the host against the influenza virus (22) or Trichinella spiralis nematode (23) . Finally, in a smaller study, the oral administration of this bacterium increased the activity of the natural killer (NK) cells (24) .
The present study was designed to determine if probiotic intake (milk fermented with L. casei DN114001) over a 6-week interval from postnatal day 3 to day 45 would be able to modulate the immune system in women who had recently delivered and were breast-feeding. In addition, the role of probiotic intake on cytokines in maternal milk and on newborn health variables was also ascertained.
Subjects and methods

Subjects
The present prospective study was based on 104 pregnant women aged 18 -40 years. Sample size was estimated considering an immunological response of 90 % in the intervention group and of 70 % in the control group. With 5 % level of significance and 80 % of power, fifty-two individuals were needed in each group considering a non-participation rate of 10 %. Women were included if they had good general health status and a low obstetric risk, with a normal delivery at the Hospital Universitario Materno Infantil de Canarias resulting in the birth of a healthy baby. Subjects with pre-existing clinical conditions such as diabetes, hypertension, autoimmune diseases, asthma, allergy, renal diseases, hepatic diseases, antecedents of viral, bacterial or protozoan infection, as well as those with multiple pregnancy, high-risk pregnancy, anaemias with Hb below 10·5 %, and those who smoked more than ten cigarettes per d were excluded from the study. Women completed a socio-demographic and lifestyle questionnaire. Additional, anthropometric measurements and infectious and allergic episodes in the newborn were evaluated during the first 6 months of life. The study protocol is summarised in Fig. 1 . All subjects were well informed about the study and agreed to participate. The Ethics Committee of the Hospital Universitario Materno Infantil de Canarias revised and approved the study protocol. Informed consent of all participants was obtained.
The participants were randomised after delivery to receive milk fermented with L. casei or placebo. The culture used was L. casei DN-114001. The international culture collection number was Americal Type Culture Collection (ATCC) 334. Group assignment was carried out according to the entrance order in the study through a randomised list divided into four strata: primiparous of age 18-24 years, primiparous of age 25 -40 years, multiparous of age 18-24 years or multiparous of age 25 -40 years. Randomisation was performed using an allocation sequence that was computer generated by an independent firm, Biomedical Systems Group S. A. (Barcelona, Spain). The main investigator enrolled all the patients. The randomisation procedure was conducted by an external collaborator of the investigation team. All the participants were identified with an alphanumeric code. The investigators did not have access to the allocation sequence until the database was closed. Sealed envelopes for each participant were kept in case of emergency situations, but the blinding was not broken during the study follow-up. Control and intervention products presented similar sensory properties to maintain double-blind status. Therefore, the placebo is the same product used for the intervention group but subjected to a b radiation process. The dose of the radiation was 4·5 kGy. Hence, the L. casei was inactivated and not viable in the placebo, but the inactivated cells were retained. The administration of the study products (milk fermented with L. casei or placebo) consisted of consumption three times per d during 6 weeks. Initiation of the fermented milk intake occurred on the day following the first extraction of blood and breast milk samples (colostrum). A diary was given to all mothers to write down the fermented milk intake per d during the study period.
The final sample of this prospective study was based on 104 pregnant women. Forty-five received placebo and fifty-nine received fermented milk with L. casei DN114001. The follow-up rate was 89·4 %. The main causes for non-participation during follow-up are shown in Fig. 2 . Non-attendance to a visit was the only cause of a lack of infant participation.
Analyses of peripheral blood samples
Three peripheral blood samples were obtained: at 3, 10 and 45 d postpartum.
Analyses of interferon-g-and IL-4-producing T cells. The assessment of immunological parameters was carried out in the Immunology Laboratory of the Hospital Universitario Dr Negrín de Gran Canaria. Using conjugated monoclonal antibodies and a flow cytometer, we studied the changes in the immune profile of postpartum women. Peripheral blood for whole-blood activation assays was collected into sodium heparin Vacutainer w tubes (Becton Dickinson, Meylan-Cedex, France). Whole-blood cultures were stimulated in Roswell Park Memorial Institute (RPMI)-1640 medium (Biochrom, Berlin, Germany) with phorbol myristate acetate (10 ng/ml; Sigma Chemical Co., St Louis, MO, USA) and ionomycin (1 mg/ml; Sigma Chemical Co.) in the presence of brefeldin-A (10 mg/ml; Sigma Chemical Co.) for 4 h at 378C in a 5% CO 2 atmosphere. The following murine conjugated monoclonal antibodies to human lymphocyte cell-surface antigens were used: CD3-PerCP, CD8-fluorescein isothiocyanate (FITC), CD45-allophycocyanin (APC), and isotypic-matched irrelevant antibodies (all from BD Biosciences, San Jose, CA, USA). Whole-blood cultures were mixed and incubated for 15 min at room temperature in the dark with the indicated monoclonal antibodies. For fixation and permeabilisation, the Fix & Perm reagent (FIX & PERM w Cell Permeabilization Kit; Caltag, Burlingame, CA, USA) was used according to the manufacturer's protocols. For intracellular labelling of cytokines, Anti-human IFNg-phycoerythrin (PE), Anti-human IL-4-PE and PE-labelled isotypic-matched irrelevant antibodies (BD Biosciences, San Jose, CA, USA) were used. Cell fluorescence was analysed in a FACSCalibur w flow cytometer (BD Biosciences). Lymphocytes were gated by forward and side scatter and panleucocyte (CD45; BD Biosciences) marker expression, and at least 20 000 events were analysed. The collected data were analysed using CellQuest Macintosh software (Apple Computer, Inc., Cupertino, CA, USA) and presented as percentages.
Determining the percentage of IFN-g-and IL-4-producing T cells was carried out by gating on CD3 þ CD8 þ and CD3 þ CD8 2 lymphocytes. The Th1/Th2 cell ratio was analysed by calculating the percentage of INF-g þ -producing CD8 2 T cells and the percentage of IL-4 þ -producing CD8 2 T cells. The cytotoxic T cell type 1/cytotoxic T cell type 2 (Tc1/Tc2) ratio was assessed by analysing the percentage of INF-g þ -producing CD8 þ T cells and the percentage of IL-4 þ -producing CD8 þ T cells. Since the CD4 molecule is down-regulated by phorbol myristate acetate plus ionomycin activation, CD8 2 CD3 þ T cells were gated for the analysis of CD4 T cells. The absolute counts of INF-g þ -producing cells and of IL-4 þ -producing cells in whole blood were calculated as the products of the absolute CD8 2 or CD8 þ T cell count and the percentages of each cytokine-secreting cell population.
Analyses of lymphocyte subsets. The Haematology Laboratory of the Hospital Universitario Dr Negrín de Gran Canaria analysed haematological parameters in peripheral blood samples collected with EDTA. Routine blood haematology (number of erythrocytes, Hb concentration, packed cell volume, mean corpuscular volume, mean corpuscular Hb, mean corpuscular Hb concentration, erythrocyte distribution width, number of leucocytes, lymphocytes, monocytes, neutrophils, eosinophils and basophils) was assessed using an automated haematology analyser (Cell-Dyn 4000 w ; Abbott Diagnostics, Santa Clara, CA, USA).
The following lymphocyte subsets were measured: mature
EDTA whole blood cells were incubated with the monoclonal antibodies combination: CD3FITC/CD8PE/CD45PerCP/CD4APC, and CD3FITC/ CD56PE/CD45PerCP/CD19APC (all from BD Biosciences, San Jose, CA, USA). After 10 min incubation at room temperature in the dark, erythrocyte lyses was performed. Samples were then washed with PBS (Sigma, St Louis, MO, USA) and acquired on a cytometer (FACSort w ; BD Biosciences). Analysis was carried out on the Paint-a-gate software (BD Biosciences). Lymphocytes were gated by forward and side scatter and panleucocyte (CD45; BD Biosciences) marker expression.
The absolute counts of lymphocyte subpopulations in the whole blood were calculated as the products of the absolute lymphocyte counts and the percentages of each lymphocyte subpopulation.
Analyses of complement components and immunoglobulins. The serum peripheral blood samples were analysed in the Biochemistry Laboratory of the Hospital Universitario Insular de Gran Canaria. The following parameters were assessed in serum from clotted samples: complement components C3 and C4, IgA, IgE, IgM, IgG and the subclass IgG1, IgG2, IgG3 and IgG4, all determined by nephelometry (Behring nephelometer analyser; Dade-Behring, Marburg, Germany).
Analyses of breast milk samples
Collection and processing. Three samples of maternal milk were determined: colostrum (within 72 h after delivery; n 104), early milk (10 d postpartum; n 99) and mature milk (45 d postpartum; n 91). Colostrum samples were obtained at the Hospital Universitario Materno Infantil de Gran Canaria by manual extraction, and the early and mature milk were obtained at the mother's home with an electric breast-pump. All samples were collected in sterile plastic tubes and stored at 2208C until analysis. After thawing, the fatty layer and the cellular elements of the breast milk were removed by two centrifugations. Some of the resulting translucent whey was immediately used for measurement of transforming growth factor (TGF)-b, and the rest was stored in samples in plastic tubes at 2 208C.
IgA and cytokine assays. The concentrations of TGF-b1 and TGF-b2 in the breast milk aqueous phase were analysed using commercial ELISA kits (R&D Systems Inc., Minneapolis, MN, USA) according to the manufacturer's protocols. Before assay for TGF-b1 the sample had to be treated with 1 M-HCl to adjust to pH 3; the acidified sample was incubated for 15 min at room temperature and neutralised with 1 M-NaOH and immediately tested. The treatment was performed to activate latent TGF-b1 to the immunoreactive form (25) . IL-1b, IL-6, IL-8, IL-10, IL-12 and TNF-a contents in the breast milk aqueous phase were quantified by means of BDe Cytometric Bead Array (CBA) by flow cytometry, using a Human Inflammation CBA kit (Becton Dickinson Biosciences, San Diego, CA, USA). The minimum detectable concentrations of each cytokine were 1·90 pg/ml (IL-12), 7·2 pg/ ml (IL-1b), 2·5 pg/ml (IL-6), 3·3 pg/ml (IL-10) and 3·7 pg/ml (TNF-a). The concentration of IgA was determined by nephelometry (Behring nephelometer analyser; Dade-Behring, Marburg, Germany).
Infant follow-up
The first evaluation was carried out 72 h after delivery. We evaluated the anthropometric characteristics of the newborn (weight, stature, head circumference, neonatal period, neonatal screening, Apgar scores). Additionally, anthropometric measurements and respiratory episodes (cold, otitis, pharyngitis, laryngitis, bronchitis, pneumonia), gastrointestinal symptoms (oral candidiasis, regurgitation, diarrhoea, colic, constipation), dermatitis and allergic episodes in the newborn were collected at 2 and 6 months. These evaluations were carried out at the Hospital Universitario Materno Infantil de Canarias. Moreover, mothers received a diary to write down the type of feeding, the medication used and the infant's health problems during the study.
Statistical analysis
At baseline, qualitative variable distribution was tested through the x 2 test. Student's t test was used to assess differences in quantitative variables. The analysis of the data was carried out on the intention-to-treat population. Because of the lack of normality in most of the variables, the association between different women's characteristics and the immune profile was assessed though non-parametric Mann-Whitney U tests. Data were expressed as the median plus the interquartile range, absolute variation (AV2: visit 2 2 visit 1; AV3: visit 3 2 visit 1; AV4: visit 3 2 visit 2) and percentage variation (PV2: 100 £ (visit 2 2 visit 1)/visit 1; PV3: 100 £ (visit 3 2 visit 1)/visit 1). A value corresponding to half the cut-off value was assigned to those milk samples that had a concentration below the cut-off. Milk cytokine concentrations were expressed in pg/ml and IgA concentrations were expressed in mg/l. A significance level of P, 0·05 was applied for all the tests. Data were analysed with SPSS (version 12.0; SPSS Inc., Chicago, IL, USA).
Results
Baseline characteristics of the mother and birth are presented in Table 1 . Baseline biological parameters were similar for both the placebo and L. casei groups ( Table 2) . Table 3 shows the effects of milk supplementation with L. casei on several biological parameters. No significant differences were observed between the L. casei and control groups in the absolute change of Th1/Th2 and Tc1/Tc2 profiles over the 6-week period. The L. casei group showed a higher number of CD3 þ T cells (AV: 316 cells/ml and 140 cells/ml for L. casei and control groups, respectively) and CD8 þ T cells (AV: 98 cells/ml and 44 cells/ml for L. casei and control groups, respectively) at 45 d postpartum, although this tendency was not statistically significant. B cells (CD19 þ ) showed a non-significant increase between 10 and 45 d postpartum with an AV of 17·5 cells/ml in the L. casei group and 6·5 cells/ml in the control group. The treatment effects on NK cells (CD3 -CD56 þ ) were statistically significant when the AV of NK cells were measured at 10 and 45 d postpartum (AV: 18·5 cells/ml and 213 cells/ml for L. casei and control groups, respectively; P¼0·026) ( Fig. 3 ). There was no significant treatment effect on the total leucocyte changes over the 6-week study. The treatment effect on erythrocyte count changes over the 6-week study was statistically significant for both groups (AV: 18·5 £ 10 6 /ml and 10·6 £ 10 6 /ml for L. casei and control groups, respectively; P¼0·041). However, treatment was not associated to a significant change in other haematological parameters over the 6-week study (data not shown). No significant differences between the treatment and the control groups were found for changes in plasma immunoglobulin concentration over the 6 weeks, except for IgG4 concentration at 10 d postpartum, where a significant effect of the treatment on the AV of IgG4 was observed (36 and 63 mg/l for L. casei and control groups, respectively; P¼0·041). There was no significant treatment effect on the changes of complement components C3 and C4 over the 6-week period.
For the entire study period, in general, no significant differences were found for changes in TGF-b1, TGF-b2, IL-1b, IL-6, IL-8, IL-12 and IgA in the breast milk aqueous phase. We observed a significant difference at 45 d postpartum for IL-10 (percentage variation 2 5·8 and 1·1 % for L. casei and control groups, respectively; P¼0·014) and TNF-a (percentage variation 2 31·7 and 2 1·6 % for L. casei and control groups, respectively; P¼0·002). However, it should be noted that TNF-a concentrations were detected only in 64 % of colostrum samples, in 40 % of early milk samples and in 30 % of mature milk. The percentage of positive samples for IL-10 concentrations was 58 % in colostrum, 20 % in early milk and 18 % in mature milk. Figure 4 shows the percentage variation of TGF-b1, TGF-b2, TNF-a and IL-10 in breast milk in L. casei and placebo groups.
In reference to the growth of the newborns during the study period, we note that there were no significant differences between groups in relation to weight (data not shown). Information about the rest of the parameters collected during the infant 6-month follow-up period is summarised in Table 4 . We observed that L. casei consumption was associated with a lower incidence of gastrointestinal episodes and a lower rate of medication in infants during the period from 2 to 6 months.
Discussion
The present study found that the consumption of milk fermented with L. casei during the puerperium showed a trend of modulating the immune response. After the consumption of milk fermented with L. casei during the puerperium we observed a significant increase of NK cells and a non-significant increase of T and B lymphocytes. No significant differences were observed between the L. casei and control groups in the absolute change of Th1/Th2 and Tc1/Tc2 profiles over the 6-week period. These data are contradictory to other reports where probiotic consumption was observed to produce a rise in IFN-g (26) , thus increasing the Th1/Th2 profile. Nevertheless, in these studies the concentration of IFN-g was directly quantified. We measured the percentage of INF-g þ -producing CD8 2 and CD8 þ T cells. However, since a non-significant increase of CD3 þ and CD8 þ T cells in the intervention group was observed, an alteration of the relative values of CD8 þ and CD8 2 T cells could occur. In order to minimise this effect, the absolute values of INF-gproducing CD8 2 and CD8 þ T cells were calculated, but no differences in the Th1/Th2 and Tc1/Tc2 profiles were observed either. In addition, a non-significant increase of the CD3 þ CD56 þ subpopulation was also observed in the L. casei group. For the analysis of INF-g-and IL-4-producing T cells we gated on CD3 þ CD8 2 and CD3 þ CD8 þ T cells. Therefore, NK and NK T-like (CD3 þ CD56 þ ) cells were not excluded in the analysis. Since these cells are high producers of IFN-g (27) , a bias in the Th1/Th2 and Tc1/Tc2 profiles could occur, although this effect was probably limited due to the low numbers of these cells in peripheral blood (27) . Another explanation for this divergence could be that our population was a group of women who had just given birth. During pregnancy the maternal immune system is modified to avoid rejection of the fetus, although the precise mechanisms of the maternal immune system are not fully understood (28) . To protect the newborn, the mother's immunity undergoes complex changes during pregnancy and the puerperium. Thus, it is possible that the effects of fermented milk with L. casei in these mothers were lower and different from those observed in other circumstances. The survival of the fetus seems to depend significantly on the modulation of the immune response to avoid the occurrence of rejection (29) . To explain this phenomenon, it has been proposed in pregnant mice (7, 30) that immune modulation during successful pregnancy is Th2related, with the predominance of humoral Th2-type immunity and a decline of cell-mediated Th1-type immunity. Previous studies have proven that Th2 responses are prevalent in the peripheral blood of pregnant women. Thus, Kruse et al. (3) studied the mRNA expression in lymphocytes from peripheral blood of pregnant women throughout the pregnancy and in the puerperium and compared these findings with those observed in non-pregnant women. These authors observed that the IL-4/IFN-g relationship was significantly higher in the first and second trimester of pregnancy than during the puerperium or in non-pregnant women. Using another methodology (flow cytometry), Reinhard et al. (4) observed an increase of IL-4 þsecreting CD4 þ T cells and a decrease of IFN-g þ -secreting CD4 þ T cells in pregnant women as compared with non-pregnant women. Other researchers evaluated the differences in cytokine production among women with normal pregnancies and women with repeated abortions. Likewise, Hill et al. (5) observed that peripheral blood mononuclear cells from women with repeated abortions, activated with trophoblastic extracts, produced mainly IFN-g, while those from women with normal pregnancies produced mostly IL-10. These data have been corroborated by another group (6) who observed that phytohaemagglutinin-activated peripheral blood mononuclear from women with normal pregnancies produced Th2 cytokines, while the Th1 cytokine production was increased in women with repeated abortions. The postpartum period has been thought of as a time for immunological recovery from the profound immunological changes of pregnancy. This could induce a complex immunological response attenuating the effects of L. casei on the systemic immune response during the puerperium.
According to other studies (26) , the study of the lymphocyte subpopulations showed a significant increase of the number of NK cells in the L. casei group. NK cells are involved in the specific and non-specific mechanisms of defence, and both NK and NK T cells are high producers of IFN-g. NK cells are part of the first line of the individual defence barrier, together with macrophages and polymorphonuclear cells. In agreement with previous reports (26, 31) , we observed a higher AV in the number of CD3 þ , CD19 þ and CD8 þ T cells in the L. casei group, although these changes did not reach statistical significance. No significant differences between the treatment and the control groups were found in plasma immunoglobulin concentration over the 6 weeks. These finding are in contrast with previous reports (32, 33) . Regarding IgG and IgE, the present results showed that the AV of IgG2, IgG4 and IgE concentrations (only significant for IgG4) decreased between visits 1 and 3 in the L. casei group. A possible explanation of these findings could be a lower Th2 activity in the intervention group, as has been previously suggested in other studies with probiotics (31, 33) .
In the overall period, no significant differences were found in the TGF-b1, TGF-b2, IL-1b, IL-6, IL-8, IL-12 and IgA changes in the breast milk aqueous phase. TGF-b is mainly produced by T helper type 3 cells (34) . The suppressive and regulator actions of these cells in the development of allergy and immunological tolerance in the gastrointestinal tract have been emphasised. As such, probiotics have demonstrated the ability to revert the increment of the intestinal permeability and to increase the specific IgA intestinal response, promoting its mechanisms of barrier defence. Thus, several groups have evaluated probiotic effects on children with atopic eczema and food allergy, in which these mechanisms are altered (35 -37) . Some probiotics have been shown to contribute to the processing of food antigens and to reduce their allergenicity in vitro and in vivo studies. Another study observed that administering probiotics to pregnant and lactating mothers increased the immunoprotective potential of breast milk by increasing the TGF-b concentrations in mother's milk (38) . This finding was not seen in the present study.
Borruel et al. (39) studied the probiotic effects on TNF-a liberation by intestinal mucus, as TNF-a carries out a key function on the pathogenicity of intestinal inflammation in Crohn's disease. They found that TNF-a liberation by irritated mucus in Crohn's disease decreased significantly after the culture with L. casei or L. bulgaricus. These results are in line with the present study where a significant decrease of the percentage variation in TNF-a concentration in breast milk between visits 1 and 3 in the L. casei group was observed. However, these results should be taken with caution since the concentrations of IL-10 and TNF-a in milk samples were near the detection limit of the technique. The TNF-a concentrations in colostrum are in positive agreement with the results obtained by Takahata et al. (40) . However, the percentage of positive samples was higher (77 %) than those detected in the present study (64 %). Nevertheless, the work presented by Hawkes et al. (41) showed higher ranges of detection, but the percentage of positive samples was lower. Hawkes et al. (41) could determine 37 % of positive samples in colostrum, 25 % in early milk and 22 % in mature milk. In our data, 64 % of positive samples in colostrum and 40 % in early and 30 % in mature milk were detected. The analysis of cytokines in the present study was carried out by means of the cytometric bead array technique. To our knowledge, this is the first time this technique has been used to analyse breast milk. It was quite complicated to work with the colostrum samples, since it is a very dense substance with a high percentage of fat that was necessary to eliminate. The use of the novel technique could explain the different percentages of positive samples detected.
From a clinical perspective, others have suggested a beneficial effect of probiotics on the paediatric population (33,38,42 -45) . We observed that L. casei consumption was associated with a lower incidence of gastrointestinal episodes and a lower medication rate in infants from 2 to 6 months. Other studies have suggested that probiotic use in children produces benefits in the remission of symptoms of diarrhoea, food allergies, and dermatitis (33, 38, 42) . In addition, our findings could stimulate future research in which the main hypothesis of study would be to prove the benefits for children of the consumption of fermented milk with L. casei during pregnancy and lactation.
We acknowledge that the relative absence of functional analyses of T, NK and B cells may be a limitation of the present study. The main variable, the Th1/Th2 profile, was assessed by means of a functional study such as the study of IFN-g-and IL-4-producing T cells after polyclonal activation. However, no functional analyses of B and NK cells were carried out, although data from several studies would minimise these limitations: the immunoglobulin changes may be an indirect measurement of B cell function, and a positive correlation between NK cell numbers and NK activity in immunocompetent individuals exists (46, 47) .
Another possible limitation of the present study is the number of women lost to follow-up. However, the motivation of pregnant and lactating women was very high as was the participation rate. Moreover, the number of women lost to follow-up was not significant. There were six drop-outs in the control group of which two were due to lack of adherence to treatment. The number of drop-outs was five in the intervention group (three attributed to lack of adherence).
To our knowledge this is the first randomised, double-blind clinical trial presenting results about the effects of L. casei during the puerperium on immunomodulation of healthy lactating mothers. In conclusion, the present results are the first step to assess the role of L. casei on this special population and on their children. These findings make it possible to identify those immunological markers that are more appropriate to assess the role of probiotics on the immune response during lactation. Future research involving larger populations and longer follow-up periods could definitively confirm or reject our findings. for the lymphocyte subsets and haematological analyses. A. S. was responsible for the immunoglobulin analyses. F. C. was involved in the randomisation and distribution of the study products. J. C. was involved in the study design, supervised the project and reviewed the manuscript. L. P.-Q. and T. M. commented on the manuscript.
